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(57) Abstract 

Apparatus for surface mounting of components (201) on a support (106). The arrangement comprises a positioning 
device (102, 103, 104) for holding and moving the components to a mounting position relative to the support Means (203, 
204) are movable towards and frotn each other and are disposed to center the component from opposite sides in connec- 
tion with its movement to the mounting position. The centering means (203, 204) comprise two centering electrodes (300, 
310) which are designed with recesses (301, 302, 305. 306) which are adapted to the form and the size of the different com- 
ponent types to be mounted. The centering electrodes moreover comprise electric contact members C07, 308, 706) which 
are intended to coimea the component to an equipment for measuring its electrical properties. 
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Device for surface mounting of components 

The objects of the Invention and tts most significant characteristics 

Pick and place machines for surface mounting of electronic components 
fetch the components from a magazine and place them on a substrate, e.g. in 
the form of a printed circuit board. The present invention relates to an 
S apparatus which at low price provides a number of advantageous properties 
in a pick and place machine, viz.: 

. mounting of components with extremely varying size, e.g. from 

2 X 1.2 mm to 34 X 34 ram without change of centering tool 
. centering of the component relative to the housing 
10 . centering of the component relative to the connecting leads 
. mechanical measurement of the component housing 
. mechanical measurement of the distances between the external 

connecting leads of the component 
. connection of the leads to a test equipment to^measure its electrical 
15 properties, and 

. centering and measurement of mechanical and electrical properties 
concurrently with the movement of the component which means without 
time loss under normal conditions. 
The background of the invention and present problems 
20 Mounting of surface mounted components involves a number of problems 

compared to the old technique of mounting components, the leads of which 
are mounted in holes. These problems are as follows: 

1) The components are placed on a surface. The mounting error will 
therefore be continuously variable which leads to boundary problems between 

25 acceptable and unacceptable mounting. The old art conq)onents have a binary 
mounting error which means that either all leads are in their holes or they 
are not. 

2) There are different reasons for an Increased interest to glue the 
components before soldering. This puts increased demands on the mounting 

30 position. Up till now the components have mostly been mounted on soldering 
paste. During the soldering operation surface tension phenomena will cause 
an automatic centering of the component* However, If the component Is glued 
this centering effect will be eliminated. 

35 3) The components are small. The distance between the leads on a component 
old in the art is almost always 2.54 mm or more. For surface mounted 
components it is 1.27 or 0.80 mm and will decrease in the future. 
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4) Machines for mounting of components old in the art utilize guiding holes 
which are drilled in the same operation as those in which the components 
should be mounted. The errors between the guide holes and the component 
holes will therefore be relatively insignificant- 
5 5) The components are so small that they mostly cannot be provided with 
identifying text. This Increases the demand to measure the component 
electrically before mounting to ensure that the correct component will be 
mounted. 

Items 1-4 above will together present great difficulties when 

10 mounting components with a lead distance of 1.27 mm and less by gluing. The 
enterprise Elektronikcentralen i Demnark which is well known in the Nordic 
countries has issued a study No. ECR-143 with the title "Leadless 
components" and in the fifth chapter, page 15, they have reached the 
conclusion that "from the present prerequisits the ortTy solution now is to 

15 utilize manual mounting only and thereby introduce an optical correction of 
certain tolerances". 

The actual Swedish production of surface mounted components with the 
lead distances 1.27 and 0,S0 mm is often handmade even in the simpler case 
when the components are not glued. 

2Q Existing machines for surface mounting reflect the statements made 

above. These machines can be divided into different types, namely: 

- specialized machines which can only mount components having a size 
within very narrow limits, e.g. from 2 x 0,8 mm up til 3.2 x 2.0 mm. These 
machines often have high capacity and a- high price. 

25 - Module machines are built up by a number of mounting stations each of 

which Is specialized for a certain group of components of the same or 
almost the same size and design. Thus, a customer who uses many different 
component types must have a number of modules and will therefo^re have to 
pay a high price. 

30 - Machines without a centering operation fetch the components and move 

them. Thus, all errors In the fetch point component position will remain 
after the mounting operation. 

The apparatus according to the invention makes it possible to arrange 
both effective centering and possibilities for connecting the component to 
35 an electronic measuring equipment with a minimum of mechanicaT components. 
Description of the drawings 

The Invention will now be described with reference to the enclosed 
drawing Figures. Moreover, the application of the invention will be shown 
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on a machine which operates with a fixed magazine, a circuit board or 
substrate which is movable 1n the Y-axis direction and a carriage which is 
movable in the X-axis direction and on which the apparatus according to the 
invention is mounted. 
5 • Fig. 1 shows the main parts of the machine. 

Fig- 2 shows the basic operating function of the centering device. 
Fig. 3 shows a centering electrode for centering against the connect- 
ing leads and for connecting a three pole component to a measuring device* 
Fig* 4 shows a centering operation for the external measures of a 
10 component with two rows of connecting leads. 

Fig. 5 shows a centering operation against the connecting leads for a 
coinponent with two rows of leads. 

Fig. 6 shows a centering operation against the connecting leads for a 
component with four rows of leads, ^ 
15 Fig. 7 shows a centering operation and connecton to a test equipment 

of a three pole component. 

Fig- 8 shows test connection for different kinds of multipole 
components. 

Fig. 9 shows the connecting electrode for the test of multipole 
20 components, and 

Fig. 10 shows a centering device which is adapted to the demands 
defined by the connecting electrodes for the test of multipole components. 

The design of the machine appears on Fig. 1. It comprises a first 
carriage 101 which Is movable In the Y-axis direction and on which the 
25 circuit board 106 is mounted. Above this first carriage there Is a second 
carriage 102 which is movable in the X-axis direction. This second carriage 
supports a lifting device 103 which is movable in the Z-axis direction and 
which Is pivotable in the ^-direction. The second carriage also supports a 
centering device 104 and a TV-camera 105. 
30 Description of the function 

The elementary function of the centering device 104 appears from Fig. 
2. The corr^onent 201 is lifted by the lifting device 103 by roans of an 
underpressure and can therefore be laterally displaced relative to the 
nozzle 202 without falling down. The centering operation is effected by 
35 means of shoulders 203 and 204 which can be laterally nwved. They are 

mainly moved In synchronism which means, that if the shoulder 203 is moved 
1 mm to the right the shoulder 204 is simultaneously moved 1 imn to the 
left. When the shoulders 203 and 204 are pressed together with the 
component 201 between them the midpoint of the component 201 will be 
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located in the point where the shoulders 203 and 204 should have met If 
there had been nothing In between them. 

By carrying out the centering operation once and then turn the 
component 90*^ and perform the operation once again the component can be 
5 centered both In the X-axis and the Y-axis. By establishing, a movement of 
the shoulders which Is sufficiently wide the centering operation of 
components with extremely varying size will be accomplished without need 
for changing the centering tool. \U\der the assumption that the distance 
between the shoulders is measured with a suitable transmitter it is 
10 possible to mechanically measure the external measures of the component. By 
designing the shoulders as test electrodes the electric properties of two 
pole components can also be measured during the centering operation. By 
designing the shoulders 203 and 204 in a more sophisticated y^ay and by 
arranging a cooperation between the movement In the Z^axls and the 0-ax1s 
15 of the lifting device further optional properties can be achieved. 

Fig. 3 shows one shoulder 300 of a pair of shoulders where three 
such properties have been realized. The two shoulders 300 and 310 are 
essentially symmetrical and are hereinafter called centering electrodes. 
The different parts of the shoulder 300 are described in connection with 
20 the following Figures. The different sections (A-A, B-B and C-C) show which 
part of the centering electrode 300 the Figures refer to. The centering 
electrode 300 can in principle be made as a pattern board- 
Thus, since the component has to be raised and lowered the centering 
electrode 300 can be given different functions at different levels. At the 
25 top of Fig. 3 two recesses 301 are shown which are used for centering 
against the housing leads as described more In detail with reference to 
Fig. 6. The recess 306 has a similar function for housings with other 
dimensions. The recesses 302 and 305 are used for a centering operation 
which Is described more In detail with reference to Fig. 5. 
30 On the level 303 two pole con9)onents to be used as resistances and 

capacitors are centered and connected for electric tests. Thereby the gold 
plated surface 307 can be used as the first connecting electrode whereas 
the other electrode Is located on the opposed centering electrode 310. The 
level can also be used for centering bigger components before test 
35 connection. 

In the lower level with the holes 304 three-pole components with 
three and four leads as shown on Fig- 7 are centered and test connected. 
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The centering electrodes according to Fig. 3 provide a number of new 
possibilities, viz,: 

• they accomplish centering of the component relative to the most 
critical dimension of the connecting leads 
5 . they accomplish control measurement of the distance between the 

external connecting leads of the conqjonent 

. they accomplish connection of the three pole component leads to a 
test equipment for measuring Its electric properties. 

Fig. 4 shows how a component 404 (of the type SO-6). is centered at a 
10 conventional centering operation. The Figure shows a component with a 
considerable centering error between the plastic housing and the leads. 
Such error can arise If the plastic casting tool Is erroneously centered 
relative to the group of leads or if so-called cast flash 401 has poured 
out between the two halves of the cast tool- This 1 enrtraentloned type of 
15 error is common and creates problems In mounting machines. Even a perfect 
centering operation relative to the external measurement of the component 
will In such cases give substantial error 402 between the center 403 of the 
mounting head and the center 405 of the component leads. Mounting machines 
strive to place the mounting head straight over the expected position of 
20 the component on the circuit board. A deviation between the center 403 of 
the mounting head and the center 405 of the component leads will therefore 
In average give raise to an equal deviation In the position of the 
component. 

Fig. 5 shows how the recess 305 in the centering electrode 300 could 
25 be used to center a component 501 of . the type SO-6 directly against the 
connecting leads 502. The Figure is taken In the plane which in F1g. 3 has 
been marked with section A-A. The component has alreadf been centered In 
one direction against the plane surface 303 In the way described with 
reference to Fig. 2, and in the position shown In the Figure it Is to be 
30 centered In the remaining direction. The Figure shows the centering 

operation from below. Therefore, both of the centering electrodes 300 and 
310 can be seen. The recess 305 In the centering electrode 300 will cause 
the electrode to hit the connecting leads 502 during the centering 
operation* 

35 Fig. 6 shows how the recess 301 In the centering electrode 300 can 

be used to center a component 601 against the connecting lead 602 In case 
the con^onent has connecting leads which project from all four sides. 
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Depending on the size of the center devfatlons which are obtained when the 
component Is fetched from the magazine the component will in such cases 
probably have to be centered against Its external measures of the surface 
303 before it is centered against the connecting leads by means of the 
5 recess 301. The Figure shows the centering operation from above. Due to the 
recess 301 In the electrode 300 it will only make contact with the 
connecting leads 602. The recess 306 in the centering electrodes 300 and 
310 is not shown 1n the Figure since it is hidden behind the component 
body 601. 

10 Fig. 7 shows centering and test connection of a three pole component 

by means of the hole 304 on the centering electrode 300. The Figure shows a 
sectional view through the component and the position 304 on the centering 
electrode. 

The component 701 has four leads but only threen>oles since the leads 

15 703 and 705 are galvanically interconnected. The hole' 309 in the centering 
electrode 300 serves to ensure a safe contact against the leads 702 and 704 
since the lead 703 cannot withstand any forces. On the surfaces where the 
centering electrodes make contact against the component leads 702, 704 and 
705 there are provided test connections 307, 308 and 706. 

20_ Fig. 8^ shows a more complicated arrangement of connecting electrodes 

to measure components with more than three connections arranged in two rows 
so-called dual in line. As an alternative the parts 801-806 can be locjated 
in the same plane as the centering electrodes 300 and 310 and could also 
be made of the same board material. Fig. 8 is seen from the same view as 

25 Fig. 2. The parts 801, 803, 805 and 300 are built together mechanically 

with mechanical parts 807 and they are moved in the same way as the center- 
ing shoulder 203 shown In Fig. 2. The parts 802, 804, 806 and 310 are moved 
in the same way as the centering shoulder 204. The connecting electrodes 
are built up in pairs 801-802, 803-804 and 805-806. 

30 Fig. 9 shows a test connection with one electrode in such a pair of 

electrodes which fits against a component 810. The other electrade in this 
pair fits against the other side of the component but this is not shown on 
the Figure. The electrode has a nimiber of resilient contact tongues 901 
which make contact against the leads 902 of the component 810. Since 

35 different component housings have different internal distances between 
adjacent leads one furhter pair of electrodes is required for each lead 
distance. The same pair of electrodes can, however, be connected against 
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components with different number of leads provided they have the same 
center distance between the leads. 

When a device according to Fig. 5 is used one pair of leads will be 
located just between the centering electrodes if the component has an odd 
5 number of connecting leads along each side. On the other hand an Interspace 
between the leads will be positioned between the centering electrodes If 
the component has an even number of connecting leads along each side. This 
involves a problem If a component thus centered should make contact against 
a pair of electrodes 801-802. One solution could be to have different pairs 
10 of electrodes for components with an odd and an even number of leads, 

respectively, along each side. A further possibility would be to move the 
electrode pairs laterally. 

Fig. 10 shows a much simpler solution with a pair of centering 
electrodes with two contact surfaces for the compone/»t leads. By meains of 
15 these surfaces the components can be centered so that the connecting leads 
in both cases can be placed in the same position relative to the center 
line of the lifting device. Fig. 10 shows a centering operation taken from 
the same vie^/ as in Fig. 2. To illustrate the function the Figure shows a 
component with two by three leads 1005 In the lowest position concurrently 
20 with another component with two by four leads 1006 in the upper position. 
Practically only one component at the time can be centered. As appears from 
the Figure in both cases one pair of leads will be positioned in line with 
the center line 1007 of the lifting device 103. 

The operating sequence of the nachine when It fetches, centers, 
25 control measures and mounts a housing 810 of the type SO-8 will be 
described below with reference to the drawing. 

. a component 810 (201) is in soma way fetched and positioned under the 
nozzle 202, 

. If necessary, the component 810 (201) will be turned 90^ so that 
30 it will be positioned as shown In Fig* 8, 

. the component will be lifted to the level 303 at the centering 
electrode 300, 

. the component will be centered in one direction by putting the 
shoulders 203 and 204 together on which the centering electrodes 300 are 
35 mounted, 

. the size of the component will be reasured In the actual direction 
in order to reject mechanically defective components. 
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. the shoulders 203 and 204 are moved apart and the lifting device 103 
is turned 90^ whereafter the lifting device 103 is raised so that the 
component 810 will be on the same level as a corresponding recess, e.g. 
302, in the centering electrodes 300, 
5 . the shoulders 203 and 204 are again put together so that the 

component 810 will be centered relative to the component legs in the 
remaining direction, 

. measuring the component in the actual direction (to sort away any 
mechanically defect components), 
10 . moving the shoulders 203, 204 apart and turning the lifting device 

103 90°, lifting the lifting device 103 so that the con^onent 810 is 
placed just above the pair of electrodes fitting against the component, e g 
801-802, 

. again bringing the shoulders 203 and 204 togethjsr so that the 
resilient contact tongues 901 will be positioned below the connncting legs 
of the component 810, 

. lowering the lifting device 103 so that the component 810 is pressed 
down against the resilient tongues 901, 

. performing the measurement of the electrical properties of the 
component, 

• raising the lifting device 103 so that the component 810 is released 
from the contact tongues 901 and moving the shoulders 203 and 204 apart, 
15 . turning the lifting device 103 so that the component 201 will obtain 

correct orientation, 

. waiting until the carriage 101 has reached the right place for 
mounting of the con^onent 201, 

. waiting until the carriage 102 has reached the right place for 
mounting of the component 201, 

. lowering the lifting device 103 so that the component 201 Is mounted 
on the board or substrate 106. 

A TV-camera 105 is used to determine the position of the board 
relative to the coordinate system of the machine by iroving the carriages 
25 101 and 102 until the TV-picture shows that the camera is positioned 

straight above a reference point on the board. When the position for two 
such reference points Is determined a computer which controls the machine 
can easily transfer the coordinates for the board or substrate to those 
for the machine. 
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Claims 

!• An apparatus for surface mounting of components on a support, 
comprising a positioning device for holding and moving the components to 
a mounting position in. relation to the support, whereby means are movable 
towards and from each other and are arranged to center the component from 

5 opposite sides concurrently with its movement to the mounting position, 

characterized in that the centering means comprise two centering electrodes 
which are provided with recesses, adapted to the design and size of the 
different types of components to be mounted, and that the centering 
electrodes comprise electrical contact members to connect the components to 

10 an equipment for measurement of its electrical properties. 

2. An apparatus according to claim 1, characterized in that the 
recesses of the centering electrodes are designed after the size of the 
component body, said body being introduced into the recess at the centering 
operation whereas the lateral surfaces of the electrodes facing each other 

15 will be brought into contact with the external connecting leads of the 
component/ 

3. An apparatus according to claim 1, characterized in that the 
centering electrodes are provided with contact surfaces for making contact 
with the poles of the component and with holes for those poles which should 

20 not be connected to the contact members. 

4. An apparatus according to claim 1, characterized in that the 
centering means comprise connecting electrodes in the form of resilient 
contact elements against which the connecting leads of the conponent are 
brought into contact for measuring the electrical properties of the 

25 component. 

5. An apparatus according to claim 4, characterized In that the 
connecting electrodes are disposed In opposed pairs with different numbers 
of contact tongues and/or different mutual distances between the contact 
tongues for each pair of electrodes, whereby the electrode pairs are 

30 arranged on different levels above each other. 
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Fig. 6 
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